The aim of this study was to determine the impact on healthcare resource utilization and associated costs of bacteraemia due to methicillin-resistant Staphylococcus aureus (MRSA) vs. methicillin-susceptible S. aureus (MSSA) strains in Spain. An observational, retrospective, cohort multicentre study was conducted during 2005. The target population comprised Spanish patients with S. aureus bacteraemia (five and ten cases per hospital for resistant and susceptible strains, respectively). The resources used were obtained from the hospital patient records. The unit costs were obtained from the participating hospitals and from Spanish databases; the costs of a bacteraemic episode were estimated from resource utilization results and expressed in euros (€). Univariate sensitivity analyses were performed. The clinical records of 366 valid patients with S. aureus bacteraemia (121 MRSA and 245 MSSA) from 27 Spanish hospitals were reviewed. Resource use per bacteraemic episode was higher for MRSA cases than for MSSA cases, with longer antibiotic treatment (3.1 additional days) and greater length of hospital stay (LOS) (2.2 additional days), more diagnostic tests, and higher rates of admission to the intensive-care unit (ICU) (7.6%). As a consequence, a higher cost per episode was incurred, with an additional €1205 in episodes of MRSA infections (1.12-fold increase). The main drivers of the cost difference were the higher rates of ICU admission and hospital re-admission and increased LOS. The analysis confirmed that there were additional costs due to resistant strains, ranging from €293 to €5188. Overall, MRSA was associated with higher costs in bacteraemic patients, and this was attributable mainly to the greater rate of ICU admissions and increased LOS.
Introduction
Bacterial resistance is increasing both in outpatient clinics and in hospitals, and has become the subject of much research. The impact of infections caused by resistant bacteria is reflected by higher mortality, increased length of hospital stay (LOS), and increased healthcare costs [1] . In addition, this increased resistance reduces the therapeutic options available for the treatment of infections involving these microorganisms.
One of the microorganisms whose incidence has recently increased dramatically in Spanish hospitals is methicillin-resistant Staphylococcus aureus (MRSA). At present, both in Spain and in many countries around the world, more than 25% of S. aureus isolates are resistant to methicillin (although low prevalences of these strains are also found in some European regions, including The Netherlands and Scandinavian countries) [2] [3] [4] [5] .
MRSA strains are resistant to currently available b-lactam agents and frequently also to other families of antibiotics, with the notable exception of most of the so-called community-acquired MRSA strains; but these strains, as compared with sensitive strains, also cause infections, increasing the LOS and healthcare costs [6] [7] [8] .
Bacteraemia is a complex clinical syndrome that is constantly changing and causes high and increasing morbidity and mortality [9] ; bacteraemias caused by MRSA are rapidly becoming a serious problem in Spanish hospitals [10] .
This study was aimed at the calculation of the impact of MRSA vs. methicillin-susceptible S. aureus (MSSA) bacteraemia on healthcare resources and associated costs in Spain.
Materials and Methods
The present study was a Spanish multicentre, retrospective, observational cohort study of the use of healthcare resources and the associated costs in the treatment of bacteraemia caused by MRSA and MSSA.
The inclusion criteria were as follows: (i) either sex; (ii) age 18 years or over; (iii) bacteraemia caused by S. aureus (resistant or sensitive to methicillin); and (iv) strains isolated between 1 January and 31 December 2005. Pregnant patients and cases of bacteraemia resulting from a previous stay in hospital were excluded.
Hospitals with an interest in the investigation from throughout Spain were able to participate in the study. All participating centres were required to have the study protocol approved by their respective ethics committees.
The microbiology department of each participating hospital selected five MRSA and ten MSSA cases by systematic sampling [11] in the following way. A skipping factor, k = n/5, was calculated, with n being the number of MRSA bacteraemias in the hospital during the study time period. The first case was selected through a random number provided in a centralized way, and the following cases were selected by applying k repeatedly until all MRSA bacteraemia cases were selected. MSSA cases were selected similarly. S. aureus was identified in every participating centre with conventional methods, usually automated identification-susceptibility systems [12] .
To find notable economic differences ( ‡ €300) in the overall cost per patient between patients with MRSA and those with MSSA, for a standard deviation of €600, a bilateral a-risk of 0.05, and a b-risk of 0.10, 94 patients with MRSA and 188 patients with MSSA were needed.
The study was performed from the perspective of the National Health Service; therefore, only the use of healthcare resources was recorded. The costs of bacteraemia were expressed as direct healthcare costs.
Use of resources was documented by reviewing the clinical records of all the patients who met the inclusion criteria. The following data were retrieved from the clinical history for each episode of bacteraemia: (i) patient demographic and clinical characteristics; (ii) antibiotic therapy; (iii) complementary tests; (iv) rates of hospitalization, admission to the intensive-care unit (ICU), re-admission to the ward, and LOS; (v) rates of outpatient clinics; and (vi) resources consumed during the reconstitution of the vials of antibiotics and their intravenous infusion.
The mean costs of an episode of bacteraemia caused by resistant or sensitive strains of the microorganisms studied were calculated. The cost of the antimicrobial treatments was estimated by using the recommended retail price and the rates of use per episode of bacteraemia, and taking two possible treatments into account: (i) empirical antibiotics (those administered before the results of the microbiological study were known); and (ii) targeted antibiotics (those started or continued on the day when the results of the antibiogram of the cultured microorganisms became available). The costs of the other resources per episode of bacteraemia were calculated by using their rates of use and the unit costs obtained from the hospitals that participated in the study, and from a database of Spanish healthcare costs in the sensitivity analysis. All costs are presented in euros (€) as of October 2006.
The cost per episode of bacteraemia was calculated on the basis of the following tests: (i) general analysis; (ii) monitoring of vancomycin and/or aminoglycoside levels; (iii) diagnostic imaging studies; (iv) microbiological tests; and (v) other tests, such as electrocardiogram, bronchoscopy, laparoscopy, and lumbar puncture.
In the analysis of base-case costs, the average values of the resources used and of the unit costs obtained from the study were applied. The sensitivity analysis involves modifying the values of the variables with respect to which there is uncertainty in verifying to what extent the results of the base case are affected.
In order to verify the robustness of this analysis, several unifactorial simple sensitivity analyses were performed in the following scenarios: (i) use of unit costs from a database of healthcare costs in Spain; (ii) lower and upper limits of the 95% CI of the use of healthcare resources; (iii) minimum and maximum values of the unit costs of the resources obtained in the study; and (iv) minimum and maximum values of the resources and unit costs taken together.
Qualitative and quantitative descriptive analyses were performed for all variables. The qualitative variables were analysed using absolute frequencies and percentages, whereas the quantitative variables were analysed using the mean, 95% CI for the mean, median, standard deviation, minimum, and maximum. All demographic data and histories were analysed to examine any difference between the groups, using the Student t-test for independent measures in the case of continuous data distributed normally, or the Mann-Whitney U-test if the parametric requirements were not met. A chi-squared test (or Fisher exact test, where necessary) was used to compare the categorical variables between the treatment groups. The Kolmogorov-Smirnov test was used to compare the normality of the distribution of the continuous variables, whereas the Levene test was used to analyse the homogeneity of the variances. All analyses were performed using the statistical program SPSS 13.0.
Results
Of 530 initially recruited patients, we reviewed the clinical histories of 366 valid patients (patients from whom at least the following data had been collected: admission date, discharge date (or death), and number of complementary tests performed) with S. aureus bacteraemia (121 MRSA and 245 MSSA); 27 hospitals from throughout Spain participated in the study.
Older patients had more isolates of resistant strains of S. aureus. A large percentage of MRSA strains were from patients with nosocomial bacteraemia. No differences in Charlson's comorbidity index were observed among patients with S. aureus bacteraemia, although there was a greater incidence of cerebrovascular disease, dementia, hemiplegia and diabetes mellitus with end-organ damage in the group with MRSA bacteraemia, and of metastatic solid tumours in the group with MSSA bacteraemia (Table 1) . Table 2 summarizes the results obtained with respect to the antibiotics used in the bacteraemic episode. The proportions of patients with MRSA or with MSSA infections treated with antibiotics at the time of blood culture were 46.8% and 25.0%, respectively (p <0.001). Antimicrobial empirical therapy was administered in 90.2% of patients of each type. Differences in total duration of antibiotic therapy were not statistically significant.
The most frequently used (over 5%) empirical antibiotics in patients with resistant and susceptible strains were as follows: vancomycin (16.4% and 15.7%, respectively), amoxycillin-clavulanic acid (16.4% and 16.0%), ciprofloxacin (9.4% and 4.4%), piperacillin-tazobactam (8.2% and 5.2%), imipenem (7.5% and 5.0%), and levofloxacin (6.3% and 6.7%). The most frequently used targeted antibiotics in MRSA and MSSA bacteraemia were as follows: vancomycin (26.1% and 9.7%, respectively), teicoplanin (12.8% and 5.0%), linezolid (8.0% and 2.4%), amoxycillin-clavulanic acid (6.6% and 9.5%), and imipenem (5.8% and 3.7%).
As shown in Table 3 , the number of complementary tests was greater in patients with resistant microorganisms than in the MSSA-infected patients. As compared with the latter, patients with MRSA infection had an increased LOS (2.2 additional days), a higher rate of admission to the ICU (7.6% more), and a lower rate of re-admission to hospital because of ineffective therapy (0.7% less) ( Table 3) .
No differences were observed in the number of external consultations or in the resources used for antibiotic preparation and administration. Average costs were estimated per episode of bacteraemia. Twenty-one per cent of patients (ii) heart rate >90 beats/min; (iii) respiratory rate >20 breaths/min or P a CO 2 <32 mmHg; and white blood cell count >12 000/lL, <4000/lL, or >10% immature (band) forms. c In-hospital mortality.
Severe sepsis: sepsis associated with organ dysfunction, hypoperfusion, or hypotension. Hypoperfusion and perfusion abnormalities may include, but are not limited to, lactic acidosis, oliguria, and acute mental alteration. Septic shock: sepsis induced with hypotension despite adequate fluid resuscitation along with the presence of perfusion abnormalities that may include, but are not limited to, lactic acidosis, oliguria, or acute alteration in mental status. Patients who are receiving inotropic or vasopressor agents may not be hypotensive at the time when perfusion abnormalities are measured. Multi-organ failure: presence of altered organ function in an acutely ill patient such that homeostasis cannot be maintained without intervention.
were hospitalized in infectious diseases units and 36% in the internal medicine department.
The results of the analysis of costs for the base case are shown in Table 4 . The greater consumption of resources observed in cases of bacteraemia caused by MRSA generated a greater cost per episode than for the MSSA cases. The main determinants of the difference in costs were the greater risk of admission to the ICU and the increased LOS for patients with bacteraemia due to MRSA. The average costs per episode of bacteraemia were €11044.59 and €9839.25, with and without staphylococcal resistance to methicillin, respectively (a difference of €1205.34; 1.12-fold greater cost for MRSA episodes) ( Table 4 ). The costs of complementary tests were higher in cases of bacteraemia caused by MSSA than in that caused by MRSA (Table 4) , as patients infected with MSSA received more aminoglycosides (2.4 vs. 1.3, respectively) and underwent more laparoscopies (1.2 vs. 0, respectively) ( Table 3) .
The sensitivity analyses confirmed the robustness of the base case, with incremental costs due to resistant strains ranging from €293 to €5188 for MRSA, according to the setting (Table 4 ). The use of unit costs obtained from Spanish databases instead of the costs provided by the participating hospitals slightly increased the cost differences between cases caused by resistant and sensitive strains (Table 4) .
Discussion
The current study shows that MRSA bacteraemias generate additional costs per episode, as compared with those generated by MSSA bacteraemias. The total cost of an MRSA bacteraemia episode was 1.12-fold higher than that of an episode caused by sensitive strains (€11044 and €9839, respectively), with the MRSA-associated cost increase being mainly due to the greater rate of admissions to the ICU and increased LOS.
The costs of S. aureus bacteraemias are higher (although within the range) than those of Diagnosis Related Group (DRG) 416 (septicaemia in patients aged over 17 years), MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S. aureus. a Re-admission is estimated to be 50% of the duration of the initial admission.
which in Spain are €5710 (between €2742 and €9811). The costs of DRG 416 are similar to data available for catheterrelated bacteraemia, according to the Spanish healthcare database. Nevertheless, DRG 416 includes all types of sepsis, regardless of whether the causative microorganism is resistant to antimicrobials. In fact, the maximum costs of DRG 416 are similar to those incurred for bacteraemia caused by MSSA strains, i.e. €9839. The costs of complementary tests were greater in cases of bacteraemia caused by MSSA than in those caused by MRSA, as patients infected with the sensitive strain received more aminoglycosides. Among the latter, there were more intravenous drug users, and the greater use of aminoglycosides might be related to the presence of endocarditis.
No Spanish study evaluating the cost of bacteraemia due to S. aureus has been identified. In 1988, a study was published concerning the cost of catheter-related bacteraemia in 22 patients [13] ; the cost was calculated to be €4152 per episode (updated to 2006), which is lower than the cost per MRSA bacteraemic episode (€9839).
The cost of resistance in MRSA has been evaluated in studies carried out in other countries. One study examined the impact of methicillin resistance on LOS and the costs in patients with MRSA bacteraemia [14] . When deaths were excluded, resistance to methicillin was associated with a significant increase in the mean LOS after acquisition of infection and with an increase in costs ($26 424 in the MRSA group as compared with $19 212 in the methicillin-sensitive group; p 0.008). Methicillin resistance was an independent predictor of an increase in LOS (1.3-fold; p 0.016) and in costs (1.4-fold; p 0.017). Another prospective and comparative study in patients on haemodialysis and with MRSA bacteraemia as compared with MSSA bacteraemia also found an increase in LOS and hospital costs [15] . A study published in the USA in 2000 [16] calculated the mean cost of a patient with MRSA infection to be $23 000, whereas, if the strain was sensitive, the cost fell to $19 500. These costs were greater than the average observed in the current study (€11 044 and €9839, respectively). In the US study [18] , the presence of resistant strains led to a 2.7-day longer LOS than that attributable to sensitive strains, and was associated with higher mortality (34% vs. 24%, respectively). In our study, LOS increased by 2.2 days, and higher mortality was also observed (39.7% vs. 25.3%; p 0.005) in the group with MRSA bacteraemia.
In the study of Abramson et al. [7] , median attributable hospital stay associated with MSSA bacteraemia was 4 days, much less than the 12 days recorded for MRSA (p 0.023). Moreover, MRSA infection led to a three-fold increase in direct costs relative to MSSA infection. Most of the differential cost was due to the notable impact of MRSA infection on LOS. Other recent studies have confirmed that patients with MRSA infection have increased LOS [17, 18] and generate greater sanitary costs [20] . It is also interesting to point out that Dutch/Belgian studies have shown that, from an economic perspective, the search and destroy policy is the best alternative for maintaining an endemic MRSA level at <1% and is a cost-effective policy at an MRSA prevalence of £8% [19, 20] .
The main limitation of our study is its retrospective design, which explains the lack of some data in the clinical histories in a small number of patients. This led us to carry out the analyses only in patients with available data for each variable. Regarding the comparability of study patients, it must be taken into account than MRSA-infected patients were older, with a higher incidence of nosocomial bacteraemia. An important strength of the study was that the results obtained were those observed in clinical practice. Another strength was the robustness of the results of the sensitivity analyses performed, which were based mainly on the limits of the 95% CI of the average values obtained.
Given the high incidence of infections caused by MRSA, quantifying their health and economic impact is important for clinicians, hospital financial managers, and policy-makers. Taking measures to minimize the spread of MRSA within the hospital is essential; so this information is necessary to justify resource allocation for the development of strategies to fight against antibiotic resistance and to prevent the spread of 
